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(page 1 left cotumn line2-page 1 right column line 2) 

1. Title of the Invention 

High-Strength Fiber Composite Material 

2, Claims 

(1) A high-strength fiber composite material characterized in 

that, on a surface of a reinforcing fiber of a structural 
material, a cover layer having a higher adhesivity to the 
structural material is formed. 

(2) A high-strength fiber composite material according to claim 
1. 

wherein said cover layer mainly comprises an inorganic 
material. 

(3) A high-strength fiber composite material according to claim 
1 or 2, 

wherein said cover layer comprises a hardened cement 

paste. 

(4) A high-strength fiber composite material according to claim 
1 or 2, 

wherein said cover layer comprises: a slurry viscous 
material containing a resin, adhered to the reinforcing fiber; 
and inorganic material powder or grajnules adhered to said slurry 
viscous material. 

(5) A high-strength fiber composite material according to claim 
1, 

wherein said cover layer is made of a water reducing agent 
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or surfactant. 

(6) A high-strength fiber composite material according to claim 
1, 

wherein said cover layer is an unhardened epoxy resin. 

(page 1 right column line 4-7) 
[Field of the invention] 

This invention relates to a high-strength fiber composite 
material to be combinedly compounded with a variety of 
structural materials to thereby improve the strength of 
structural materials. 

(page 2 upper right column line 3 - page 3 upper left column 
line 16) 

[Means for solving the Problem] 

The present invention provides such a constitution that, 
on a surface of a reinforcing fiber of a structural material, a 
cover layer having a higher adhesivity to the structural 
material is formed. 

(Function) 

The high-strength fiber composite material, when it is 
combinedly compounded with a structural material, exhibits a 
higher adhesivity between the cover layer and the structural 
material, so that the integration between the composite 
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material and the structural material is ensured to thereby 
effectively enhance such as tensile strength or bending strength 
of structural material. 

(Embodiments) 

There will be described hereinafter the embodiments of a 
high-strength fiber composite material according to the present 
invention. 

(First Embodiment) 

As reinforcing fibers, there is adopted a bundle of glass 
fibers, carbon fibers, aramid fibers etc. having a length of 3 
to 30 mm. For a high-strength fiber composite material in this 
embodiment, the reinforcing fibers are mixed into a cement based 
paste containing a cement paste, mortar, acrylic emulsion. 
Then, the reinforcing fibers are taken out in a state that the 
cement based paste is adhered on the surfaces of the fibers, 
and thereafter naturally dried or hot-air dried to thereby form 
a cement based cover layer. 

Note, the above described reinforcing fibers are cuttings 
of a predetermined length, to be obtained by cutting a bundle of 
multiple filaments provisionally bound with a fiber (a water- 
soluble fiber such as a methyl cellulose) which fiber is not 
treated by a sizing agent. 

Such a high-strength fiber composite material is 
combinedly compounded with a cement based structural material, 
to thereby provide the structural material with a tensile 
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strength, bending strength. The cover layer having higher 
adhesivity to the structural material, keeps the reinforcing 
fibers from being drawn out, to thereby permit an ensured 
strength achievement, 

(Second Embodiment) 

In this embodiment, the reinforcing fibers are mesh-like 
ones, and these reinforcing fibers are coated with a very fine 
cement paste having a small value of water-cement ratio, or the 
reinforcing fibers are dipped in a very fine cement paste. 
Thereafter, the reinforcing fibers are dried and hardened to 
provide a high-strength fiber composite material. Note, since 
the reinforcing fibers are mesh-like, a very fine cement paste 
enters gaps between fibers, constituting a solid body of an 
irregular configuration. When this high-strength fiber 
composite material is combinedly compounded with a cement based 
structural material, the structural material is hardened such 
that the cover layer formed of the very fine cement paste is 
strongly held in an intruding state into the structural 
material, ensuring the integration between the structural 
material and reinforcing fibers. 

In particular, as the cover layer is of a more irregular 
and uneven configuration, it has a higher adhesivity to the 
structural material. 

(Third Embodiment) 

In this embodiment, various reinforcing fibers without 
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sizing agent application thereto are dipped in a resin- 
containing slurry viscous material, and thereafter, the surfaces 
of reinforcing fibers are integrally covered with powder or 
granules made of inorganic materials to thereby constitute high- 
strength fiber composite materials. 

The above described resin-containing slurry viscous 
material includes an acrylic emulsion, styrene butadiene rubber 
(SBR), and a cement solution dissolved with melamine resin. The 
above described powder or granules are adhered to the damp-dry 
slurry viscous material adheres onto surfaces of the 
reinforcing fibers. Further, the slurry viscous material soaks 
into between reinforcing fibers, thereby serving as a sizing 
agent for the reinforcing fibers. 

When such a high-strength fiber composite material is 
mixed in a structural material such as cement or mortar, and the 
structural material is cured, the powder or granules serving as 
the cover layer of inorganic material well fits to the 
structural material. Further, after the structural material is 
hardened, the powder or granules exhibit an effect to prevent 
the reinforcing fiber from being pulled off. 
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L Title of the Invention 

High-Strength Fiber Composite Material 
2. Claims 

(1) A high-strength fiber composite material characterized in that, on a 
surface of a reinforcing fiber for reinforcing a structural material, a 
cover layer having a higher adhesivity to the structural material is 
formed. 

(2) A high-strength fiber composite material of claim 1, 

wherein said cover layer mainly comprises ah inorganic. 

(3) A high-strength fiber composite material of claim 1 or 2, 

wherein said cover layer comprises a hardened cement paste. ^ 

(4) A high-strength fiber composite material of claim 1 or 2, 

wherein said cover layer comprises: a slurry viscous material 
containing a resin, adhered to the reinforcing fiber; and inorganic 
material powder or granules adhered to said slurry viscous material. 

(5) A high-strength fiber composite material of claim 1, 

wherein said cover layer is made of a water reducing agent or 
surfactant. 

(6) A high-strength fiber composite material of claim 1, 

wherein said cover layer is an unhardened epoxy resin. 

(Field of the invention) 

This invention relates to a high-strength fiber composite material 
to be combinedly compounded with a variety of structural materials to 
thereby improve the strength of structural materials. 
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(Prior Art) 

One prior art adopts the high-strength fiber composite material 
employing a bundle of glass fibers, carbon fibers etc, to improve such 
properties of the structural materials as impact resistance, bending 
strength, and abrasion resistance. 



The other prior art adopts a reinforcing fiber, onto whose surface 
adhered are resins such as polyester or acrylic emulsion by means of 
coating or dipping, to prevent alkali deterioration of the reinforcing 
fiber and mechanical damage of the fiber surface. 

JO (Problems to be Solved by the Invention) 

The fiber composite materials of the former prior art has following 
problems: if the fiber composite materials are combined with a cement 
paste, water except for the reaction water comes to evaporate in already- 
hardened cement and then spots where free water has existed are left as 
voids, causing poor adhesivity between the fiber composite materials in 
the voids and the cement paste; if the glass fiber is mixed with a cement 
based paste containing a cement paste and mortar, a surface of the glass 
fiber is damaged by sand, otherwise the fiber itself breaks; and the 
glass fiber deteriorates due to strong alkalinity (pH=12-13) of the cement 
paste and lowers its strength to the same level as the mortar not 
containing glass fiber if cured in water for 28 days. 

The fiber composite materials of the latter prior art has following 
problems: though the problems such as alkali deterioration or surface 
damage as described above will not occur since the fiber surface is 
covered by resins, lowered adhesivity with cement paste etc. may cause 
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the fiber compos itemterials to be dravm out if the formed structural 
materials would be pulled or bent, lowering the reinforcing effect of the 
fiber composite materials. 

This Invention aims at providing the high-strength fiber composite 
material improved in adhesivity with various structural materials in 
consideration of the problems of the prior art. 

(Means for solving the Problem) 

The present invention provides such a constitution that, on a 
surface of a reinforcing fiber of a structural material, a cover layer 
having a higher adhesivity to the structural material is formed. 

(Function) 

The high-strength fiber composite material, when it is combinedly 
compounded with a structural material, exhibits a higher adhesivity 
between the cover layer and the structural material, so that the 
integration between the composite material and the structural material is 
ensured to thereby effectively enhance such as tensile strength or bending 
strength of structural material. 

(Embodiments) 

There will be described hereinafter the embodiments of a high- 
strength fiber composite material according to the present invention, 

(First Embodiment) 

As reinforcing fibers, there is adopted a bundle such as of glass 
fibers, carbon fibers, aramid fibers having a length of 3 to 30 mm. For a 
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high-strength fiber composite material in this embodiment, the 
reinforcing fibers are mixed into a cement based paste containing a cement 
paste, mortar, acrylic emulsion. Then, the reinforcing fibers are taken 
out in a state that the cement based paste is adhered on the surfaces of 
the fibers, and thereafter naturally dried or hot-air dried to thereby 
form a cement based cover layer. 

Note, the above described reinforcing fibers are cuttings of a 
predetermined length, to be obtained by cutting a bundle of multiple 
filaments provisionally bound with a fiber (a water-soluble fiber such as 
a methyl cellulose) which fiber is not treated by a sizing agent. 

Such a high-strength fiber composite material is combinedly 
compounded with a cement based structural material, to thereby provide 
the structural material with a tensile strength, bending strength. The 
cover layer having higher adhesivity to the structural material, keeps 
the reinforcing fibers from being drawn out, to thereby permit an ensured 
strength achievement. 

(Second Embodiment) 

In this embodiment, the reinforcing fibers are mesh-like ones, and 
these reinforcing fibers are coated with a very fine cement paste having a 
small value of water-cement ratio, or the reinforcing fibers are dipped 
in a very fine cement paste. Thereafter, the reinforcing fibers are dried 
and hardened to provide a high-strength fiber composite material. Note, 
since the reinforcing fibers are mesh-like, a very fine cement paste 
enters gaps between fibers,, constituting a solid body of an irregular 
configuration. When this high-strength fiber composite material is 
combinedly compounded with a cement based structural material, the 
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structural material is hardened such that the cover layer formed of the 
very fine cement paste is strongly held in an intruding state into the 
structural material, ensuring the integration between the structural 
material and reinforcing fibers. 

In particular, as the cover layer is of a more irregular and uneven 
configuration, it has a higher adhesivity to the structural material. 

(Third Embodiment) 

In this embodiment, various reinforcing fibers without sizing agent 
application thereto are dipped in a resin-containing slurry viscous 
material, and thereafter, the surfaces of reinforcing fibers are 
integrally covered with powder or granules made of inorganic materials to 
thereby constitute high-strength fiber composite materials. 

The above described resin-containing slurry viscous material 
includes a cement solution dissolving an acrylic emulsion, a styrene 
butadiene rubber(SBR), a melamine resin, or etc. The above described 
powder or granules are adhered to the damp-dry slurry viscous material 
adheres onto surfaces of the reinforcing fibers. Further, the slurry 
viscous material soaks into between reinforcing fibers, thereby serving 
as a sizing agent for the reinforcing fibers. 

When such a high-strength fiber composite material is mixed in a 
structural material such as cement or mortar, and the structural material 
is cured, the powder or granules serving as the cover layer of inorganic 
material well fits to the structural material. Further, after the 
structural material is hardened, the powder or granules exhibit an effect 
to prevent the reinforcing fiber from being pulled off. 
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(Fourth Embodiment) 

As reinforcing fibers relating to this embodiment, a variety of fibers 
such as a bundle of glass fibers, carbon fibers may be selected and as a 
cover layer of the reinforcing fibers, epoxy resin is adopted. 

Note, it is a prerequisite that the epoxy resin is to be unhardened. 
If already hardened epoxy resin is combined with a structural material, 
the effect for reinforcing the structural material would be lowered due to 
the low adhesivity with the structural material. 

In particular, since unhardened epoxy resin will be hardened even in 
the presence of moisture, it is hardened while maintaining the adhesivity 
with the cement paste, mortar etc. as the structural materials. This 
permits, when a physical load, for example a tensile force or a bending 
force acts on the structural material, the load to be assuredly 
transferred to the reinforcing fibers, and thereby improving reinforcing 
strength of the structural material, 

(Fifth Embodiment) 

As s high-strength fiber composite material relating to this 
embodiment, a variety of fibers such as a bundle of glass fibers, carbon 
fibers may be selected as reinforcing fibers and as a cover layer, high- 
range water reducing agent or surfactant is adopted. 

The water reducing agent or the surfactant is powder, there is 
constituted such that it is adhered on a surface of the reinforcing fiber 
making use of a sizing agent, while water reducing agent or the 
surfactant is liquid, there is constituted such that the reinforcing 
fiber is dipped to form the cover layer. 

Carbon fiber (PAN) with a smooth surface, for example, has very low 
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adhesivity with the structural material even when mixed with the cement or 
mortar based structural material. A constitution in which such carbon 
fiber is hardened by the sizing agent diluted with methyl-cellulose, and 
the hardened fiber is dipped in the high-range water reducing agent 
(liquid), and then mixed with the mortar, increases the bending strength 
by 2. 5K compared with the mortar mixed with carbon fiber not using the 
water reducing agent. This is because a contact angle of water to the 
reinforcing fiber decreases and also a distance between the reinforcing 
fiber and cement paste in the mortar component decreases. 

A powdered high-strength fiber composite material adopting water 
reducing agent or surfactant is constituted such that the water reducing 
agent is previously adhered on a fiber surface by adhering together with 
the sizing agent at converging of the reinforcing fibers or covering 
after sizing agent application. When the high-strength fiber composite 
material is mixed with a structural material made of mortar, concrete, 
plaster, cement plaster etc., namely materials to be reacted or air- 
hardened if mixed with water, the water reducing agent or the surfactant 
contacts moisture in the cement paste and dissolves therein. This reduces 
a contact angle of water on the reinforcing fiber surface and 
additionally the adhesion between the reinforcing fiber and the 
structural material increases to thereby improve the bending strength of 
the structural material by 20-30% as well as the tensile strength- 
Effects of the Invention] 

As obviously described above, the high-strength fiber composite 
material of this invention exhibits a higher adhesivity between the cover 
layer and the structural material, ensuring the integration between the 
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structural materilPand the reinforcing fiber to^reby effectively 
reinforce the structural material. 
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